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(g) Load sharing method and apparatus for controliing a main gas parameter of a compressor station 
with muitiple dynamic compressors. 

(57) A method and apparatus for maintaining a 
main process gas parameter such as suction 
pressure discharge pressure, discharge flow, 
etc. of a compressor station with multiple 
dynamic compressors, which enables a station 
controller controlling the main process gas par- 
ameter to increase or decrease the total station 
performance to restore the main process gas 
parameter to a required level, first by simul- 
taneous change of performances of all indivi- 
dual compressors, for example, by decreasing 
their speeds, and then after operating points of 
all machines reach their respective surge con- 
trol lines, by simultaneous opening of individual 
antisurge valves. In the proposed load-sharing 
scheme, one compressor is automatically selec- 
ted as a leading machine. For parallel oper- 
ation, the compressor which is selected as the 
leader is the one having the largest distance to 
Its surge control line. For series operation, the 
leader has the lowest criterion "R" value repre- 
senting both the distance to its surge control 
line and the quivalent mass flow rate through 
the compressor. The leader is follow d by the 
rest of th compr ssors, which equalize th ir 
distances to the respective surge control lines 
or criterions "R" with respect to that of the 
leader. 
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Technical Fjeld 

The present invention relates generally to a meth- 
od of control and a control apparatus for maintaining 
a nnain process gas parameter such as suction pres- 
sure, discharge pressure, discharge flow, etc. of a 
compressor station with multiple dynamic compres- 
sors, which enables a station control system, control- 
ling the main process gas parameter to Increase or 
decrease the total station performance to restore the 
main process gas parameter to a required level, first 
by simultaneous change of performances of all indi- 
vidual compressors, for example, by decreasing their 
speeds, and then after operating points of all ma- 
chines reach their respective surge control lines, by 
simultaneous opening of individual antisurge valves. 

In the proposed load-sharing scheme, one com- 
pressor is automatically selected as a leading ma- 
chine. For parallel operation, the compressor which is 
selected as the leader is the one having the largest 
distance to its surge control line. For the series oper- 
ation, the leader has the lowest criterion "R" value 
representing both the distance to Its surge control line 
and the equivalent mass flow through the compres- 
sor. 

The leader is followed by the rest of the compres- 
sors, which equalize their distances to the respective 
surge control lines or criterions "R" with respect to 
that of the leader. 

In the proposed scheme, the station control sys- 
tem can decrease the performance of each compres- 
sor only until the compressor is in danger of surge. Af- 
ter such danger appears, the main process gas para- 
meter is controlled by controlling the antisurge valves 
to change the flow through the process. 

Background Art 

The present invention relates generally to control 
methods and control devices for controlling compres- 
sor stations, and more particularly to the methods 
and apparatuses for controlling parallel and series op- 
erated dynamic compressors. 

All known control systems for parallel working 
compressors and for compressors working in series 
can 'be divided into two categories. In the first cate- 
gory, the antisurge protective devices and the control 
device for controlling the station gas parameter are in- 
dependent and not connected at all to each other The 
station control device changes the performances of 
individual compressors by establishing the preset 
gains and biases which remain constant during sta- 
tion operation. For some compressors, the gains are 
equal to zero and the biases are set to provide for a 
base-load operation, with a constant and often max- 
imum speed. This category of control system can not 
cope with two major problems. 

The first problem is associated with the necessity 



to vary the gains and biases for load sharing device 
set-points, for optimum load-sharing under changes 
of station operating conditions, such as inlet condi- 
tions or deterioration of some machines. The second 
5 problem is associated with possible interactions be- 
tween the station control device and the antisurge 
control devices of Individual compressors under con- 
ditions when the process flow demand is continuous- 
ly decreasing. It is very usual for this category of con- 
to trol system to operate one compressor far from surge 
while keeping one or more compressors dangerously 
close to surge, including premature antisurge flow to 
prevent surge. 

In the second control system category, there is a 
15 cascade combination of t he station control device and 
the load-sharing devices of individual machines. In 
this category, the station control device manipulates 
the set points for the distances between the individ- 
ual operating points and the respective surge limits. 
20 If, for the parallel operation, some stabilization 
means Is effective to make such cascade approach 
workable, then for series operation it will network at 
all. But even for parallel operation, the above identi- 
fied stabilization means degrades the dynamic preci- 
25 sion of control. 

To overcome the aforementioned problems, the 
dynamic control of compressors may be significantly 
improved for both parallel and series operated ma- 
chines by eliminating cascading but still providing for 
30 equalization of relative distances to the respective 
surge control lines. It can be even further improved by 
providing special interconnection between all control 
loops to eliminate dangerous interactions in the vicin- 
ity of surge. 

35 

Disclosure of the Invention 

A main purpose of this invention is to enable op- 
erating points of all compressors working simultane- 
40 ously to reach their respective surge control lines be- 
fore control of the main process gas parameter is pro- 
vided by wasteful antisurge flow, such as recircula- 
tion. 

Another purpose of this invention is to enable the 
45 control system to provide for stable and precise con- 
trol of the main process gas parameter while provid- 
ing for effective antisurge protection and optimum 
load sharing between simultaneously working com- 
pressors. 

50 The main advantages of this invention are: an ex- 
pansion of safe operating zone without recirculation 
for-each individual compressor and for the compres- 
sor station as a whole; a minimization or decoupling 
of loop interaction; and an increase of the system sta- 

55 bility and speed of response. 

According to th present invention, each dynamic 
compressorof the compressor station is controlled by 
three interconnected control loops. 
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The first loop controls the main process gas para- 
meter common for all compressors operating in the 
station. This control loop is implemented in a station 
controller which is common for all compressors. The 5 
station controller devices is capable of manipulating 
sequentially first a unit final control for each individual 
compressor, such as a speed governor, an inlet (suc- 
tion) valve, a guide valve etc., and then each individ- 
ual antisurge final control device, such as a recycle io 
valve. 

The second control loop provides for optimum 
load sharing. This loop is implemented in a unit con- 
troller, one for each compressor. The unit controller 
' enables the compressor operating point to reach the is 
respective surge control line simultaneously with op- 
erating points of other compressors and before any 
antisurge flow, such as recirculation, starts. The out- 
put of the unit controller for each individual compres- 
sor is interconnected with the output of the station 20 
controller common to all compressors, to provide a 
set-point for the position of the unit final control de- 
vice. 

A third control loop Is implemented in an anti- 
surge controller which computes the relative distance 25 
to the surge control line, prevents this distance from 
decreasing below zero level and transmits this dis- 
tance to the companion unit controller. The output of 
the antisurge controller is interconnected with the 
output of t he station controller to manipulate the pos- 30 
ition of the antisurge final control device. 

The interconnection between all three control 
loops, which contribute to the operation of each indi- 
vidual machine, is provided in the following way: 

The set-point for the unit final control device of 35 
the i^*^ individual compressor is manipulated by both 
the station controller and the respective unit control- 
ler, however, the output of the station controller can 
increase or decrease said set-point only when the rel- 
ative distance to the respective surge control line 40 
is higher than or equal to the preset value "rj." It can 
only increase said set-point when dci<r|. 

The set point for the position of each respective 
antisurge final control device can be manipulated 
either by respective antisurge controllers or by the 45 
station controller. The antisurge final control device 
can be closed only by the antisurge controller. It can, 
in one implementation, be opened by either one, 
whichever requires the higher opening, when dci<r}. 
Alternatively, in a second implementation, the correc- so 
tive actions of both the antisurge controller and the 
station controller can be added together when both 
require the antisurge final control device to be 
opened, and the result used to open the antisurge fi- 
nal control device when dci<ri. 55 

The optimum load-sharing between parallel 
working compressors is provided in the present in- 
vention by the following way: 

Each unit controller receives the relative distance 
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to the respective surge control line computed by com- 
panion antisurge controller and compares said dis- 
tance with the largest relative distance selected by 
the station controller between all compressors being 
in parallel operation. The compressor with the largest 
relative distance to its respective surge control line is 
automatically selected as a leader. The set-point for 
the leader's unit final control device is manipulated 
only by the station controller. 

The set-points for the unit final control devices of 
the remainder of the compressors in the parallel sys- 
tem are manipulated to equalize their relative distanc- 
es to the respective surge control lines with that of the 
leader, in addition to being manipulated by said sta- 
tion controller-to control the main process gas para- 
meter common for all compressors. 

For the series operation of the compressors, the 
unit controller for the i^^ compressor.computes a spe- 
cial criterion "R" value which represents both the rel- 
ative distance to the surge control line for the i^^ com- 
pressor and the equivalent mass flow rate through 
the compressor. The unit controller controls the 
load sharing for the associated compressor by equal- 
izing its own criterion R| value with the minimum cri- 
terion Rmin value of the leader compressor, which was 
selected by the station controller. 

Similarly, as with parallel operating compressors, 
a leader compressor is selected and the rest of the 
compressors follow the leader. For series compres- 
sors, however, they do so by equalizing their criterion 
Rj values with that of the leader. 

An object of the present invention is to prevent 
the wasteful gas flow through the antisurge final con- 
trol device, such as recirculation, for purposes of con- 
trolling the main process gas parameter, until all load- 
sharing compressors have reached their respective 
surge control lines. This is done by equalizing the rel- 
ative distances to the respective surge control lines 
for parallel operating compressors and by equalizing 
the criterion "R" values representing both the relative 
distance to the respective surge control line and the 
equivalent mass flow rate through the compressor for 
compressors operated in series. The equivalent mass 
flow compensates for flow extraction or flow admis- 
sion between the series operated machines. 

Another object of the present invention is to pre- 
vent interaction among control loops controlling the 
main process gas parameter of the compressor sta- 
tion with the antisurge protection of each individual 
compressor. 

Other objects, advantages, and novel features of 
the present invention will become apparent from the 
following detailed description of the invention when 
considered in conjunction with the accompanying 
drawings. 
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Brief Description of the Drawings 

Fig. 1 and Fig. 2, respectively, present the sche- 
matic diagrams of control systems for compressor 5 
stations with dynamic compressors, operating in par- 
allel and for compressor stations with dynamic com- 
pressors operating In series. Fig. 1 is comprised of 
Fig. 1(a) and 1(b) and Fig. 2 is comprised of Fig. 2(a) 
and 2(b). io 

Best Mode for Carrying Out the Invention 

Referring now to the drawings wherein like refer- 
ence numerals designate identical or corresponding is 
parts throughout the several views, Fig. 1(a) shows 
two parallel working dynamic compressors (101) and 
(201 ), driven each by a steam turbine (102) and (202), 
respectively, and pumping the compressed gas to a 
common discharge manifold (104) through the re- 20 
spectlve non-return valves (105) and (205). Each 
compressor Is supplied by a recycle valve (106) for 
compressor (101) and (206) for compressor (201) 
with respective actuators with positioners (107) and 

(207) . The steam turbines have the speed governors 25 
(103) and (203) respectively, controlling the speed of 
respective dynamic compressors. Each compressor 

is supplied by a flow measuring device (1 08) for conv 
pressor (101) and (208) for compressor (201); trans- 
mitters (111). (112), (113), (114). (115) and (116) are 30 
provided for measuring differential pressure across a 
flow element in suction (1 08), suction pressure, suc- 
tion temperature, discharge pressure, discharge tem- 
perature and rotational speed respectively for conv 
pressor (101); and transmitters (211), (212), (213), 35 
(214), (215) and (216) are provided for measuring dif- 
ferential pressure across a flow element in suction 

(208) , suction pressure, suction temperature, dis- 
charge pressure, discharge temperature and rotation- 
al speed respectively for compressor (201). 4o 

Both recirculation lines (150) and (250) feed into 
a common suction manifold (199) which receives gas 
from the upstream process and passes the gas 
through common cooler (1 98) and common knockout 
drum (197) to common manifold (196). 4S 

Both compressors (101) and (201) are supplied 
by a station control system providing for pressure con- 
trol in the common manifold (104) and also for opti- 
mum load-sharing and antisurge protection of individ- 
ual compressors. 50 

The control system consists of: one common sta- 
tion controller (129) controlling the main process gas 
parameter (discharge pressure in this example) 
measured by a pressure transmitter (195), using cal- 
culated corrective signal ASoutl two unit controllers 55 
(123) and (223) for compressors (101) and (201) re- 
spectively, which control the performance of each 
compressor by controlling the set-points Uouti and 
Uout2 to speed governors (103) and (203) respectively; 



and two antisurge controllers (109) and (209) for com- 
pressors (101) and (201) respectively, which manip- 
ulate the set-points Aoun and AoutaO^ positioners (107) 
and (207) for recycle valves (106) and (206) respec- 
tively. 

Referring to Fig. 1(b), the two antisurge control- 
lers (109) and (209), one each per respective com- 
pressor, are each comprised of seven control mod- 
ules: measurement module (110) for compressor 
(101) and (210) for compressor(201), each receiving 
signals from six transmitters (111), (112), (113), (114), 
( 1 1 5) and (11 6) for compressor (101) and (21 1 ), (21 2), 
(213). (214), (215) and (216) for compressor (201); 
computational module (117) for compressor (1 01 ) and 
(217) for compressor (201); comparator module (118) 
for compressor (101) and (218) for compressor (201); 
P+l control module (119) for compressor (101) and 
(219) for compressor (201); output processing mod- 
ule (1 20) for compressor (101) and (220) for compres- 
sor (201); nonlinear functional module (121) for comv 
pressor (101) and (221) for compressor (201) and 
multiplier module (122) for compressor (101) and 
(222) for compressor (201). 

The two unit controllers (123) and (223), one per 
respective compressor, are each comprised of five 
control modules: normalizing module (124) for com- 
pressor (101) and (224) for compressor (201), P+l 
control module (125) for compressor (101) and (225) 
for compressor (201), summation module (126) for 
compressor (101) and (226) for compressor (201), 
nonlinear functional module (127) for compressor 
(101) and (227) for compressor (201) and multiplier 
module (128) for compressor (101) and (228) for com- 
pressor (201). 

The station controller (129) is comnnon for both 
compressors and is comprised of three control mod- 
ules: measurement module (130) receiving a signal 
from pressure transmitter (195); P-fl+D control mod- 
ule (131), and selection module (132). 

Because the antisurge controllers (109) and 
(209) and the unit controllers (123) and (223) are ab- 
solutely identical, an interconnection between their 
elements may be described by the example only for 
compressor (101). 

The computational module (117) of the antisurge 
controller (109) of compressor (1 01 ) receives the data 
collected from the six transmitters by measurement 
module (110); pressure differential transmitter (111) 
across the flow measuring device (1 08), suction pres- 
sure and temperature transmitters, (112) and (11 3) re- 
spectively, discharge pressure and temperature 
transmitters (114) and (115), respectively, and speed 
transmitter (116). Based on data collected, the com- 
putational module (117) computes a relative distance 
dri of the operating point of compressor (101) to its re- 
spective surge limit line, said relative distance may be 
for example computed as: 
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(1) 



where: f(N) represents the variation of the slope of the 
respective surge limit with variation of speed (N) of 
compressor (101), Rc is the compression ratio pro- 
duced by compressor (101), APo is the pressure dif- 
ferential across the flow measuring device in suction, 
Ps is the suction pressure, a is the poiytropic expo- 
nent for compressor (101), and K is a constant for gas 
with constant molecular weight and compressibility. 
The compression ratio Rc in Its turn is computed 

as: 



Ps 



(2) 



where P^ and Ps are in absolute units; and exponent 
c is computed using the law of poiytropic compres- 
sion: 



yielding 



G — ■ 



(3) 



(4) 



logRc 

where: Rt is the temperature ratio: 



(5) 



with Td and Ts being the discharge and suction tem- 
peratures respectively in absolute units. 

Based on computed said relative distance dri to 
the surge limit line,the comparator module (118) cal- 
culates the relative distance dd to the respective 
surge control line: 

dci = dri - bi (6) 
where b^ is the safety margin between respective 
surge limit and surge control lines. 

The P+l control module (119) has a set-point 
equal to 0. It prevents the distance d^ from dropping 
below positive level by opening the recycle valve 
(1 06). The valve (1 06) is manipulated wit h an actuator 
by positioner (107) which is operated by output proc- 
essing module (1 20) of antisurge controller (1 09). The 
output processing module (120) can be optionally 
configured as a selection module or a summation 
module. As a selection module, module (120) selects 
either the incremental change of P+l module (119) or 
the incremental change of multiplier (122), whichever 
requires the larger opening of valve (106). As a sum- 
mation module, the incremental changes of both the 
P+l module (119) and the multiplier module (122) are 
summed. The multiplier module (122) multiplies the 
incremental change ASom of the P+l+D control mod- 
ule (131) of the station controller (129) by nonlinear 
function (121) of the relative distance d^ and station 
controller corrective signal ASout- The value of this 
non-linear function can be equal to value M^^, value 

or zero. This value is always equal to zero, except 



when dci<ri and ASout>0, in which case it is equal to 
value Mii; or when dci<rt and ASouti<0, in which case 
it is equal to Mi2- 
5 The unit controller (1 23) and (223) are also abso- 

lutely identical, and operation of both can be suffi- 
ciently described using the example only of unit con- 
troller (123). 

The relative distance dd is directed to unit con- 
10 troller(123) where the normalizing module (124) mul- 
tiplies the relative distance dd computed by antisurge 
controller (109) by a co-efficient Pi. The purpose of 
such normalization is to either position the operating 
point of compressor (101) under its maximum speed 
15 and required discharge pressure in such a way that 

dcn1=Mcl = 1 (7) 

at its maximum, or to position each operating point at 
its maximum efficiency zone under the most frequent 
operational conditions. The coefficient pi may also be 
20 dynamically defined by a higher level optimization 
system. 

The output of normalizing module (124) is direct- 
ed to selection module (132) of station controller (129) 
and to P+l control module (126) of unit controller 

25 (123). Selection module (132) selects dcnmax as the 
highest value between dcni and dcn2 for compressors 
(101) and (201) respectively, and sends this highest 
value as the set-points to P+l modules (125) and 
(225) of respective unit controllers (1 23) and (223). 

30 If the dcnmax value selected by module (132) is 

dcnif compressor (101) automatically becomes the 
leader. Its P+l module (125) produces then the incre- 
mental change of the output equal to 0. As a result, 
the summation module (126) is operated only by the 

35 incremental changesof the output ASout of the P+l+D 
module (131) of station controller (129), provided non- 
linear function (127) is not equal to zero. If module 
(132) selects the normalized distance dcn2. then the 
P+l module (125) of unit controller (123) equalizes its 

40 own normalized distance dcni. to that of compressor 
(201) which automatically becomes the leader. 

In this case, the summation unit (126) changes its 
output based on the incremental changes of two con- 
trol modules: P+l module (125) of unit controller (123) 

45 and P+l+D module (131) of station controller (129). 
Because of the nonlinear function produced by func- 
tional control module (127). the incremental change 
ASout of the P+l+D module (131) is multiplied by mod- 
ule (128) either by a value equal to M13, Mu or by 

50 zero. 

When relative distance dd is higher than or equal 
to value "ri," the multiplication factor is always equal 
to It is equal to Mu when dd < r^, and the incre- 
mental change ASout of the output of the module (131) 
55 is greater than zero. However, when dd<ri and the in- 
cremental change ASout of the output of the module 
(131) is less than or equal to zero, then the multipli- 
cation factor is equal to zero. This means that while 
controlling the discharge pressure in common mani- 
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fold (104), the station controller cannot decrease the 
relative distance dd to its respective surge control line 
for common compressor (101) below some preset lev- 
el Vv" 5 

The output of summation module (126) of unit 
controller (123) manipulates the set-point Uouti for 
speed governor (103). 

Station controller (129) changes the incremental 
output ASout of its P+l+D control module (1 31 ) to main- io 
tain the pressure measured by transmitter (195) In 
common discharge manifold (104). 

The operation of the control system presented by 
Fig. 1 may be illustrated by the following example. Let 
us assume that initially both compressors (101) and is 
(201) are operated under the required discharge pres- 
sure In common manifold (104) and with completely 
closed recycle valves (106) and (206). The normal- 
ized relative distances d^nt and dcn2 of their operating 
points to the respective surge control lines are equal 20 
to the same value, say "2". Assume further that proc- 
ess demand for flow decreases in common manifold 
(104). As a result, the pressure in manifold (104) 
starts to increase. The normalized distance d^ni of 
compressor (1 0 1 ) lo its surge control line decreases to 25 
the value Ai. And for compressor (201) the value of its 
normalized relative distance dc^2 decreases from the 
value 2 to the value A2. Also, assume that A^ > A2 and 
both relative distances dcni and dcn2 are greater than 
their respective preset values "ri" and "r2." 30 

Selection module (132) selects the value of dcni 
as the set-point dcnmax for control modules (125) and 
(225) of unit controllers (123) and (223), respectively. 
The compressor (101) has therefore been automati- 
cally selected as the leader. 35 

Since dcni>ri, the nonlinear function (127) is 
equal to M^^ and summation module (126) of unit con- 
troller (123) receives through the multiplier (128) the 
Incremental decreases ASout of output of P+l+D mod- 
ule (131) multiplied by which is required to restore 40 
the pressure in the manifold (1 04) to the required lev- 
el. Said incremental decreases of the output of P+l+D 
module (131) decrease the set-point of speed gover- 
nor (103) for the turbine (102), decreasing the flow 
through compressor (101). Simultaneously, summa- 45 
tion module (226) of unit controller (223) of compres- 
sor (201) changes the set-point of speed governor 
(203) for compressor (201) under the influence of 
both: the incremental changes of the output of control 
module (1 31 ) of station controller (129) and changes so 
of the output of P+1 control module (225) of unit con- 
troller (223) of compressor (201). 

The transient process continues until both dis- 
tances dcin and dc2n are equalized and the pressure 
in discharge manifold (104) is restored to the required ss 
level. 

Assume again that the process flow demand de- 
creases further and the speed of each individual com- 
pressor is decreased until dcfli=dcn2'=0. Any further de- 



crease of flow demand will cause the beginning of the 
opening of both recycle valves (106) and (206) by 
control modules (119) and (219) of antisurge control- 
lers (109) and (209) through output process modules 
(120) and (220) resp ctively, to keep the operating 
points on their respective surge control lines. 

Further decrease of flow demand will increase 
the discharge pressure again and: the distances dcni 
and dcn2 will decrease below levels r^ and r2, respec- 
tively; and station controller (129) will lose its ability 
to decrease the speeds of compressors (101) and 
(201). Instead it will start to send the incremental 
changes ASout of the output of its P+l+D control mod- 
ule (131) to the output processing modules (120) and 
(220) of antisurge controllers (109) and (209), through 
multiplier modular (122) and (222), respectively. If the 
output processing modules (120) and (220) perform 
a selection function, and if these incremental changes 
ASout require more opening of recycle valves (106) 
and (206), than required by modules (119) and (219), 
then the recycle valves will be opened by the ASout in- 
cremental changes to restore the pressure to the re- 
quired level, if the output processing modules (120) 
and (220) perform a summation function, then the in- 
cremental changes of both will be combined to open 
the recycle valves (106) and (206) to restore the pres- 
sure to the required level. As soon as distances d^ni 
and dcn2 become higher than preset levels ri and r2, 
respectively, the P+l+D control module (131) of sta- 
tion controller (129) will function through unit control- 
lers (123) and (223) to decrease the speeds of both 
individual compressors. This process will continue 
until the pressure in the common discharge manifold 
(104) will be restored to its required level. 

Assume further that the flow demand increases. 
As a result, pressure in manifold (104) drops and dis- 
tances dcni and dcn2 become positive. The station con- 
troller (129) through its P+l+D module (131) will start 
to immediately increase the speed of both compres- 
sors (101) and (201). At the same time, the antisurge 
controllers through their respective P+l modules 
(119) and (219) will start to close the recycle valves 
(106) and (206). Assume also that distance dc„2 be- 
comes higher than d^ni. As a result, the compressor 
(201) automatically will become the leader. The P+l 
module (125) of unit controller (123) will speed up 
compressor (101) adding to the incremental increase 
of the output of the P+l+D module of station controller 
(129). As a result, both compressors will equalize 
their distances dcni and doa- lf» as a result of reaching 
its maximum speed, compressor (201) will not be ca- 
pable of decreasing its respective distance dcn2. this 
limited compressor (201) will be eliminated from the 
selection process. As a result, compressor (101) will 
be automatically selected as the leader, giving the 
possibility for station controller (129) to increase the 
speed of compressor (101) and to restore the station 
discharge pressure to the required level. 
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Referring now to the drawings shown in Fig. 2(a), 
the compressor station is presented in this drawing 
with two centrifugal compressors (101) and (201) 
working in series. Compressors (101) and (201) are 5 
driven by respective turbines (102) and (202) with 
speed governors (103) and (203), respectively. Low 
pressure compressor (101) receives gas from station 
suction drum (104) which is fed from inlet station 
manifold (105). Before entering drum (104). the gas io 
is cooled by cooler (106). 

High pressure compressor (201) receives gas 
from suction drum (204) which is fed from suction 
manifold (205). Before entering suction drum (204), 
- the gas is cooled by cooler (206). There is also the is 
sidestream flow entering manifold (205). As a result, 
the mass flow through high pressure compressor 
(201) is higher than the mass flow through low pres- 
sure compressor (101 ). 

Each compressor is equipped with suction flow 20 
measuring device (107) for compressor (101) and 
(207) for compressor (201 ); discharge flow measuring 
device (108) for compressor (101) and (208) for com- 
pressor (201); non-return valves (111) and (211) lo- 
cated downstream of flow measurement devices 25 
(108) and (208) respectively; and recycle valve (109) 
for compressor (101) and (209) for compressor (201 . 
The recycle valves are manipulated by actuators with 
positioners, (110) for compressor (101) and (210) for 
compressor (201). 30 

Generally the minimum mass flow rate pass- 
ing through all compressors in series, from suction 
manifold (105) to discharge manifold (213), Is the 
minimum of all mass flow rates measured by the dis- 
charge flow measuring devices. Let W(,i and be 35 
the mass flow rates measured by discharge flow 
measuring devices (108) and (208), for compressors 
(101) and (201) respectively. Let the sidestream 
mass flow in sidestream manifold (212), admitted into 
manifold (205), be Ws2. If said sidestream mass flow 40 
rate \N^2 is positive, then mass flow is being added to 
manifold (205). Therefore mass flow rate will be 
greater than mass flow rate W^i, by the amount of 
mass flow Ws2 being added at manifold (205); and this 
minimum mass flow rate will be equal to discharge 45 
mass flow rate Wdi for compressor (101). If side- 
stream mass flow rate Ws2 is negative, then mass 
flow is being extracted from manifold (205). In this 
case, mass flow rate Wd2 will be less than mass flow 
rate Wdi by the amount of mass flow W32 being ex- so 
tracted at manifold (205): and minimum mass flow 
rate will be equal to discharge mass flow rate 
for compressor (201). 

The difference A( between the minimum mass 
flow rate and the discharge mass flow rate Wdi for 55 
the i^^ compressor is added upstream or downstream 
from the minimum flow compressor. 

Each compressor is further supplied by transmit- 
ters (114), (115), (116). (117). (118), (119) and (120) 



for measuring differential pressure across flow ele- 
ment in suction (107), suction pressure, suction tem- 
perature, discharge pressure, discharge temperature, 
differential pressure across flow element in discharge 
(108), and rotational speed, respectively, for conr>- 
pressor (101); and transmitters (214), (215), (216), 
(217). (218), (219) and (220) for measuring differen- 
tial pressure across flow element In suction (207), 
suction pressure, suction temperature, discharge 
pressure, discharge temperature, differential pres- 
sure across flow element in discharge (208), and ro- 
tational speed, respectively, for compressor (201). 

Both compressors (101) and (201) are supplied 
by a station control system maintaining the pressure 
in suction drum (104), while sharing the common sta- 
tion pressure ratio between compressors (101) and 
(201), in an optimum way, and protecting both com- 
pressors from surge. 

The station control system consists of: one com- 
mon station controller (1 36) controlling the main proc- 
ess gas parameter (suction drum (104) pressure in 
this example) measured by pressure transmitter 
(141), using calculated corrective signal ASom; two 
unit controllers (129) and (229) for compressors (101) 
and (201) respectively, which control the perfor- 
mance of each compressor by controlling set-points 
Uouti and Uout2 to speed governors (103) and (203) re- 
spectively; and two antisurge controllers (128) and 
(228) for compressors (101) and (201) respectively, 
which manipulate the set-points Aouti and Aout2 of posi- 
tioners (110) and (210) for recycle valves (109) and 
(209) respectively. 

Referring to Fig. 2(b), the two identical antisurge 
controllers (128) and (228) for compressors (101) and 
(201), respectively, are each comprised of seven con- 
trol modules: measuring control module (126) for ma- 
chine (101) and (226) for machine (201) each receiv- 
ing signalsfrom seven transmitters (114), (115), (116), 
(117), (118), (119) and (120) for compressor (101). 
and (214), (215). (216), (217), (218), (219) and (220) 
for compressor (201); computational module (127). 
for compressor (1 01 ) and (227) for compressor (201 ); 
proportional, plus integral control module, (122) for 
compressor (101) and (222) for compressor (201); 
comparator module (121) for compressor (101) and 
(221) for compressor (201); output processing mod- 
ule (123) for compressor(IOI) and (223) for compres- 
sor (201); multiplier module (124) for compressor 
(101) and (224) for compressor (201); and non-linear 
functional module (125) for compressor (101) and 
(225) for compressor (201). 

The two unit controllers (1 29) and (229), for com- 
pressors, (101) and (201) respectively, are each com- 
posed of six control modules: normalizing control 
module (1 31 ) for compressor (1 0 1 ) and (231 ) for conr>- 
pressor (201); computational control module (130) for 
compressor (101) and (230) for compressor (201); 
proportional plus integral control module (135) for 
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compressor (101) and (235) for compressor (201); 
summation control module ( 1 34) for compressor (1 01 ) 
and (234) for compressor (201); multiplier module 
(1 33) for compressor (101) and (233) for compressor 5 
(201); and non-linearfunctional module (132) for conrv 
pressor (101) and (232) for compressor (201). 

Station controller (136) is common for both com- 
pressors and is comprised of four control modules: 
measurement module (139) reading a signal from io 
pressure transmitter (141). minimum criterion R se- 
lection module (138), minimum mass flow selection 
module (137) and proportional plus integral plus der- 
ivative control module (140). 

Because antisurge controllers (128) and (228) is 
are absolutely identical, their operation may be ex- 
plained using as example antisurge controller (128). 
Measurement control module (126) of said antisurge 
controller (128) collects data from seven transmitters: 
differential pressure transmitter (114) measuring the 20 
pressure differential across the flow measuring de- 
vice (107); suction and discharge pressure transmit- 
ters (115) and (117) respectively, suction and dis- 
charge temperature transmitters (116) and (118), re- 
spectively; the speed transmitter (120) and the differ- 25 
ential pressure transmitter (119) measuring the pres- 
sure differential across flow measuring device (108). 

Identically, with parallel operation, see equations 
(1) to (5), the computational module (127), based on 
data collected from the transmitters, computes the 30 
relative distancedri of the operating pointof compres- 
sor (1 01 ) from its respective surge limit line. Assuming 
constant gas composition, It also computes the mass 
flow rate through flow measuring device (107): 

Wci^Lcr'I^f^ (8) 
where APos, Pg and Tg are reaS by transmitters (114), 
(115) and (116) respectively; and the mass flow rate 
Wdi throuigh the flow measuring device (108): 

iA/,, = L,,W^^ (9) 40 
Where APod, Pd and !<, are reaS by transmitters (11 9), 
(117) and (118), respectively. Both computed mass 
flow rates Wd and W^i are directed to the computa- 
tional module (1 30) of companion unit controller (129) 
for compressor (101). Mass flow rate Wji is also di- 
r cted to minimum flow selective module (1 37) of sta- 
tion controller (136) to select minimum mass flow rate 
W^, which passes through both compressors (101) 
and (201). 

The computed relative distance to the respective ^0 
surge limit line is directed to the comparator module 
(121) which produces the relative distance dd of th 
operating point for compressor (1 01) to its surge con- 
trol line by subtracting the safety margin bi from the 
relative distance d^i: ^ 

del = dM - b (10) 
This relative distance to the surge control line is di- 
rected to normalizing module (130) of unit controller 



(129); and to both non-linear control module (125) 
and P+l control module (122) of antisurge controller 

(128) . The (P+l) control module (122) has a set-point 
equal to zero. It prevents distance dd from dropping 
below a positive level by opening recycle valve (1 09). 
Recycle valve (109) Is manipulated with an actuator 
by positioner (110) which is operated by output proc- 
essing module (123) of antisurge controller (128). 
Said module (123) can be optionally configured as a 
selection module or a summation module. As a selec- 
tion module (123) selects either the incremental 
change received from P+l module (122) or the incre- 
mental change of multiplier (124), whichever requires 
the larger opening of valve (109). As a summation 
module, the incremental changes of both P+l module 
(122) and multiplier module (124) are summed. Mul- 
tiplier module (124) multiplies incremental change 
ASout of P+l+D control module (140) of station control- 
ler (1 36) by nonlinear function (125) of the relative dis- 
tance dd and station controller incremental output 
ASouf This function can be either equal to value M^, 
M12 or zero. This value is equal to zero when dd ^ n; 
is equal to when dd < ri and ASout « 0; and is equal 
to M12 when dd < n and ASout < 0- 

Unit controllers (129) and (229) are also absolute- 
ly identical, and operation of both can be sufficiently 
described by using the example of unit controller 

(129) only. 

The normalizing module (131) of unit controller 
(129) normalizes the relative distance dd to the surge 
control line of compressor (101) in the following way: 

dcm = Pi-dd = 1 (11) 
The purpose of such normalization is to either posi- 
tion the operating point of compressor (101) under its 
maximum speed and required discharge pressure, or 
to position each operating point at its maximum effi- 
ciency zone under the most frequent operating con- 
ditions. This coefficient Pi may also be dynamically 
defined by a higher level optimization system. 

The output of normalizing module (131) of unit 
controller (129) together with the computed mass 
flows Wd and Wji received from computational mod- 
ule (127) of antisurge confroller (128) and with the 
minimum discharge flow selected by selection 
control nrwdule (1 37) of station controller (136) enters 
the computational module (130). For stable optimum 
load-shanng between series operated compressors, 
it is not enough to equalize the relative distances 
of compressor operating points to their respective 
surge control lines. It is especially important when 
compressors operate on their surge control lines and 
the relative distances dd and dc2 are equal to zero. 
The control system then becomes neutral and load- 
sharing becomes impossible. The most convenient 
criterion for optimum series ioad-sharing must consist 
of both: the relative distance to the surge confrol line 
and the equivalent mass flow rate, which Is equal to 
the minimum flow passing all series working com- 
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pressors from the suction manifold (105) to its dis- 
charge manifold (21 3). The criterion used should pro- 
vide for equivalent mass flow rates through all com- 
pressors and equal distances to the respective surge 5 
control lines. 

The computational control module (130) of unit 
controller (129) computes as such criterion, the criter- 
ion R which is defined as follows: 

Rl = (1 - dcni)(Wei - Ai) (12) 10 

Where Ai = - W^i (13) 

The minimum discharge mass flow rate is se- 
lected by flow selection module (137) of station con- 
troller (136) from mass flow rates Wai and Wd2 conv 
puted for compressors (101) and (201), respectively. is 
In the system shown in Fig. 2(a), with sidestream 
mass flow rate Ws2 positive, Wai = and for com- 
pressor (101) Ai = 0. But for compressor (201), the 
value A2 is positive and 

R2 = (1 - dcn2)(Wc2 - A2) (14) 20 

The output Ri of computational module (130) is 
directed to P+l control module (135) of unit controller 
(129) as the process variable, and to selection mod- 
ule (138) of station controller (136). Selection module 
(138) of station contnDller (136) selects Rm, the lowest 25 
crit rion R value from the outputs of computational 
control modules (130) and (230) of compressors (101 ) 
and (201) respectively. The selected lowest criterion 
Rfn is used as a set-point for the proportional plus in- 
tegral control modules (135) and (235) of the respec- 30 
tive unit controllers. 

For one of the two P+l modules (135) and (235), 
the criterion Rj process variable is equal to the set- 
point Rffl. The output of this P+l control module is 
therefore not changing. If R, R2, the output of the 35 
other P+l module will however be changing to equal- 
ize the criterion R values. 

If, as in this example, compressor (101) is select- 
ed as the leader, changes of the output of the sum- 
mation control module (134) of unit controller (129) 40 
will be based only on the incremental changes of the 
output of P+l+D control module (140) of station con- 
troller (1 36). Station controller (1 36), by means of non- 
linear control function (132), of unit control means 
(129). exactly as it was described for the parallel op- 45 
eration, can decrease or increase the output of the 
summation module (133) only if the relative distance 
del of the operating point of compressor (101) to its 
surge control line is greater than or equal to the preset 
level "ri." When d^ < 0, P+l+D module (140) can only so 
Increase the output of module (134). 

In the case when criterion R2 is lower than aiter- 
ion R,, compressor (201) is selected as the leader. In 
such a case, the changes of the output of summation 
control module (134) are based on changes of the 55 
output of P+l control module (136) and on incremental 
changes of the output of P+l+D control module (140). 
As a result, the speed of compressor (101 ) is correct- 
ed to equalize the computed criterion R^ value with 



the selected minimum criterion R^ = R2* Equalizing 
criterion R values in the case when the recycle valves 
(109) and (209) are closed provides automatically for 
equalizing the relative distances dd and dc2 also, be- 
cause the equivalent mass flows through both com- 
pressors (101) and (201) are equal by the nature of 
series operation. When the operating points of both 
compressors are on the respective surge control lines 
and normalized relative distances dcni and dcn2 are 
kept equal to zero by antisurge controllers (128) and 
(129), respectively; equalizing criterion R| automati- 
cally provides for equalizing the equivalent mass flow 
rates through compressors (101) and (201), which in 
turn provides for optimum load-sharing, including the 
recycle load. 

The operation of the system shown on Fig. 2 may 
be described using the following example. 

Let us assume that initially compressors (101) 
and (201) work with speeds Ni and N2, respectively. 
Their recycle valves (109) and (209) are completely 
closed and the compressors are operating on equal 
normalized relative distances to their respective 
surge control lines: 

del = dc2 = ai > 0 (15) 
Therefore, both criterion values Ri and R2 are also 
equal: 

Ri = R2 = 32 (16) 

Also, the pressure in suction drum (104) of the 
compressor station is equal to the required set point, 
therefore ASout = 0. 

Assume further that the amount of flow entering 
suction drum (1 04) decreases. As a result, the suction 
pressure in suction drum (104) will also decrease. 
Since station controller (136), through incremental 
changes ASout of the output of its P+l+D control mod- 
ule (140), will start to decrease the outputs of multi- 
pliers (133) and (233) of unit controllers (129) and 
(229) respectively; decreasing also the outputs of 
both summation modules (134) and (234) of unit con- 
trollers (129) and (229) respectively, thereby de- 
creasing the set-points of the speed governors (103) 
! and (203), respectively, to decrease the speed of 
both compressors. Assume also that as soon as the 
speeds of compressors (101) and (201) start to de- 
crease, the criterion R2 becomes greater than criter- 
ion Ri. Then selection control module (138) of station 
controller (136) selects Ri as a set-point R^ for both 
P+l control modules (135) and (235) of respective unit 
controllers (129) and (229). The output of P+l control 
module (135) of unit controller (129) for compressor 
(101) will not be changing and the summation control 
module (134) will decreas its output only under the 
influence of the output of P+l+D control module (140) 
of station controller (136). On the contrary, the output 
of the P+l control module (235) of compressor (201) 
increases to partially compensate for the incremental 
decrease of the output of P+l+D control module (140), 
in order to equalize criterion R2 with the criterion Ri. 
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This process continues until the pressure on suc- 
tion drum (104) is restored to the required level and 
both criterion and criterion R2 are equalized. 

Assume further that there is a continuous de- 5 
crease of the flow supply to suction drum (104), and 
the operation of the control system shown in Fig. 2 
brings the operating points of both compressors to 
their respective surge control lines; which means that 
del = dc2 = 0. If, under the above circumstances the 10 
pressure in suction drum (104) is still lower than re- 
quired, then station controller (1 36) through its P+l+D 
control module (140) further decreases the distances 
del and until both of them are equal to the preset 
levels "n" and "r2," respectively. Simultaneously, the is 
antisurge controllers (128) and (228) will start toopeh 
the recycle valves (109) and (209). 

If the suction pressure continues to drop P+l+D 
control module (140) of station controller (136) will 
override the antisurge controllers (128) and (228) to 20 
open the recycle valves even more to restore the suc- 
tion pressure to the required level. As soon as the dis- 
tances del and dc2 become higher than their respec- 
tive preset levels Vi" and "rj," station controller (136) 
through the summation units (134) and (234) of re- 25 
spective unit controllers will decrease the compressor 
speeds. This process will continue until the suction 
pressure is at the required level; and the respective 
criterion R values for both compressors are equal, 
thereby optimally sharing the compression load. 30 



Claims 

1 . A compressor station comprising: 35 
a plurality of compressors (101, 201); 
a station control means (129) to produce a station 
control signal ( So^t) in dependence on a detected 
main gas parameter; 

a respective antisurge control means (1 09, 209) 40 
computing a surge limit variable (dci, dc2) and 
protecting each compressor (101. 201) firom 
surge; 

a respective unit control means (123, 223) for 
controlling the performance of each compressor 45 
(101. 201); and 

a selection means (132) for identifying one com- 
pressor as the leader compressor on the basis of 
the operation of each compressor relative to a re- 
spective surge limit line and producing a further so 
control signal (dCnmax,Rf„) as the set-point to be 
used by the respective unit control means (123. 
223) associated with the non-leader compres- 
sors in order to balance their respective perfor- 
mances to the leader compmressor in order to 55 
share the load effectively among all compressors 
in the (parallel, series) network; 
wherein each unit control means (123, 223) and 
antisurge control means (109. 209) use the surge 



limit variable (dd.dca) of their respective com- 
pressors to discriminate for and against control of 
said detected main gas parameter using the sta- 
tion control means (129) signal ( S^ud through a 
combination of both the unit control means (123. 
223) and the antisurge control means (109, 209). 

2. Acompressorstation according to claim 1, where- 
in the compressors (101, 201) operate in parallel 
and said further control signal (dCp max) is de- 
rived from the difference between the current op- 
erating point of the leader compressor and its 
surge limit line. 

3. Acompressorstation according to claim 1 , where- 
in the compressors (101, 201) operate in series 
and said further control signal (R^) is derived 
from the difference between the current operat- 
ing point of the leader compressor and its own 
surge limit line, and the equivalent mass flow rate 
through the leader compressor. 

4. A method of controlling a compressor station 
pumping gas from a process located upstream 
from said station to a process located down- 
stream from said station, said compressor station 
including a plurality of parallel working dynamic 
compressors; each of said compressors being 
operated by a unit final control means for chang- 
ing the compressor performance; said compres- 
sor station being also equipped with a station 
control system for adjusting the station perfor- 
mance to demands of both said upstream and 
downstream processes in order to maintain a 
main process gas parameter, said station control 
system consisting of a station control means for 
controlling said main process gas parameter; unit 
control means, one for each compressor, for op- 
erating said unit final control means; and anti- 
surge control means, one for each compressor, 
for computing a relative distance between a conv 
pressor operating point and a respective surge 
limit, and preventing said relative distance from 
decreasing below some predetermined minimum 
level by opening an antisurge final control means, 
said method comprising: 

developing a corrective change of the out- 
put of said station control means to prevent a de- 
viation of said main process gas parameter from 
its required level; 

computing for each individual compressor 
a normalized relative distance to a surge control 
line, said normalized distance being equal to zero 
at the moment when said relative distance of 
compressor operating point from the respective 
surge limit becomes equal to said predetermined 
minimum level, selecting among said normalized 
relative distances to the respective surge control 
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lines of parallel working compressors the highest 
on ; 

operating said unit final control means of 
the compressor with the highest normalized dis- 5 
tance to its surge control line by a scaled correc- 
tive change of the output of said station control 
means to restore said main process gas parame- 
ter to the required level; 

developing a unit corrective signal for io 
each individual compressor to equalize its nor- 
malized relative distance to the respective surge 
control line with said selected highest normalized 
distance; and 

operating said unit final control means for is 
each individual compressor, which normalized 
relative distance to the respective surge control 
line is shorter than said selected highest one, by 
combination of the scaled changes of the output 
of said station control means and said unitcorrec- 20 
tive signal to help the station control means to re- 
store the station main process gas parameter to 
its required level and to equalize said normalized 
relative distance to the compressor surge control 
line with the selected highest normalized dis- 25 
tance. 

A method of controlling a compressor station 
pumping the gas from the process located up- 
stream from said station to the process located so 
downstream from said station; 

said compressor station consisting of a 
plurality of dynamic compressors working in ser- 
ies, each of which being operated by a unit final 
control means changing the compressor perfor- 35 
mance; 

said compressor station being also equip- 
ped with a station control system adjusting the 
station performance to demands of both said up- 
stream and downstream processes in order to 40 
maintain a main process gas parameter: said sta- 
tion control system consisting of a station control 
means controlling said station main process gas 
parameter; unit control means, one for each com- 
pressor, operating said unit final control means; 45 
and antisurge control means, one for each com- 
pressor, computing a relative distance between 
compressors working in series the lowest one, 

operating said unit final control means of so 
the compressor with the lowest criterion R by a 
scaled corrective change of the output of said 
station control m ans to restore said main proc- 
ess gas parameter to the required level; 

developing a unit corrective signal for 55 
each individual compressor to equalize its crit r- 
ion R with said selected lowest criterion R^; 

operating final unit control means for each 
individual compressor which criterion R is higher 



than said selected lowest one by combination of 
the scaled changes of the output of said station 
control means and said unit corrective signal to 
help the station control means to restore the sta- 
tion main process gas parameter to its required 
level and to equalize said criterion R with the se- 
lected criterion, R^. 

6. A method of controlling a main process gas para- 
meter of a compressor station comprising a plur- 
ality of dynamic compressors working in parallel 
or series: 

each dynamic compressor of said com- 
pressor station being operated by a unit final con- 
trol means for adjusting the performance of the 
compressor to the demand of the process, each 
dynamic compressor of said compressor station 
also being supplied by an antisurge final control 
means for preventing surge; 

said compressor station having a control 
system including: 

a station control means for preventing a 
deviation of said main process gas parameter 
from its required set point: a unit control means for 
each compressor operating said unit final control 
means; and an antisurge control means for each 
compressor manipulating the position of said an- 
tisurge final control means, said method compris- 
ing: 

calculating for each individual compressor 
a relative distance to its surge limit line and a rel- 
ative distance to its surge control line, said rela- 
tive distance to said surge control line being equal 
to zero when said relative distance to the respec- 
tive surge limit decreases to its minimum permis- 
sible level below which said antisurge control 
means starts to open said antisurge final control 
means; 

calculating for each individual compressor 
two nonlinear functions from said relative dis- 
tance to the respective surge control line; said 
first nonlinear function being applied to said unit 
final control means and being equal to a constant 
Ml when said relative distance from said surge 
control line is higher than or equal to a predeter- 
mined level "r", and when said relative distance is 
lower than T but control of the main process gas 
parameter requires to increase the compressor 
performance; in all other cases said first nonli- 
near function being equal to zero; 

said second nonlinear function being ap- 
plied to said antisurge final control means and be- 
ing equal to: constant M2 when said relative dis- 
tance to the respective surge control line is lower 
than said predetermined level T and the control 
of said main process gas parameter requires 
opening of said antisurge final control means; 
constant M3, said constant M3 being ^0, when 
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said relative distance to the respective surge con- 
trol line is lower than said predetermined level "r" 
and the control of said main process gas parame- 
ter requires closing of said antisurge final control 5 
means; in all other cases, said second nonlinear 
function being equal to zero; 

developing a corrective change of an out- 
put of said station control means to prevent a de- 
viation of said main process gas parameter from io 
its required level; 

multiplying for each compressor said cor- 
rective change of the output of said station con- 
trol means by said first nonlinear function of the 
relative distance to the respective surge control is 
line and adding this value to the unit corrective 
signals of an output of said unit control means, 
said unit corrective signal equalizing said normal- 
ized relative distance to the compressor surge 
control line with the selected highest normalized 20 
distance, for compressors working in parallel, or 
equalizing respective criterion R values with the 
selected lowest value, for compressors working 
In series, and using the summation value as a 
set-point for a position of said unit final control 25 
means in order to control said main process gas 
parameter, said control being provided only when 
said relative distance to the respective surge con- 
trol line Is higher than or equal to said predeter- 
mined level "r," or when said relative distance is 30 
beiow V but said corrective change of the output 
of said system control means requires to increase 
the compressor performance; 

multiplying for each compressor said cor- 
rective change of the output of said system con- 3S 
trol means by said second nonlinear function of 
the relative distance to the respective surge con- 
trol line, optionally adding this value to, or select- 
ing the highest value in comparison with, the cor- 
rective change of an output of said antisurge con- 40 
trol means preventing surge, and using the final 
value as a set- point for a position of said anti- 
surge final control means to control said main 
process gas parameter when said distance to the 
respective surge control line is below said prede- 45 
termined level "r." 

An apparatus for controll ing a compressor station 
pumping gas from the process located upstream 
from said station to the process located down- so 
stream from said station; said compressor station 
consisting of a plurality of parallel working dy- 
namic compressors, each of which being operat- 
ed by a unit final control means changing the 
compressor performance and an antisurge final 55 
control means capable of protecting the com- 
pressor from surge; said compressor station be- 
ing also equipped with a station control system 
adjusting the station performance in order to 



maintain a main process gas parameter; said sta- 
tion control system consisting of a station control 
means controlling said main process gas para- 
meter; a separate antisurge control means for 
controlling surge in each respective compressor, 
each said separate antisurge control means for 
controlling surge in each respective compressor 
computing-a relative distance between a com- 
pressor operating point and a respective surge 
limit and preventing said relative distance from- 
decreasing below some predetermined minimum 
level by controlling the antisurge final control 
means; a separate unit control means for each re- 
spective compressor, said unit control means op- 
erating said unit final control element to maintain 
said relative distance equal to that of the com- 
pressor with the largest relative distance, said 
apparatus comprising: 

said antisurge control means for each 
compressor including means for continuously 
measuring suction temperature, discharge tem- 
perature, suction pressure, discharge pressure, 
rotating speed, and differential pressure across a 
flow element in suction; continuously calculating 
a relative distance between the compressor op- 
erating point and respective surge control line; 
continuously transmitting said relative distance to 
the unit control means associated with the same 
compressor; continuously developing an anti- 
surge corrective change based on said relative 
distance to the surge control line; adding the val- 
ue of said antisurge corrective change to another 
corrective change value which is computed by 
multiplying a corrective change continuously re- 
ceived from a station control means, by said sec- 
ond nonlinear function of said relative distance to 
the surge control line, said second nonlinear 
function being continuously computed by said an- 
tisurge means; and continuously using a value 
which is optionally the greatest or the sum of the 
associated corrective changes as set-point of the 
position of said antisurge final control means to 
prevent said relative distance between the oper- 
ating point and the surge limit from decreasing 
below a predetermined margin of safety; 

said unit control means, for each compres- 
sor, continuously receiving said relative distance 
from surge control line from said antisurge control 
means for same associated compressor; contin- 
uously computing a normalized relative distance 
by multiplying said relative distance by a scaling 
constant and transmitting said normalized rela- 
tive distance to said station control means; con- 
tinuously receiving from said station control 
means a highest normalized relative distance 
and computing a unit control means corrective 
action; adding said unit control means corrective 
action to another corrective change value which 
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is computed by multiplying said corrective 
change continuously received from said station 
control means, by said first nonlinear function of 
said relative distance to the surge control line re- 5 
ceived from said antisurge control means, said 
first nonlinear function being continuously com- 
puted by said unit control means; and continuous- 
ly using the summed value of the associated cor- 
rective changes as a set-point of the position of io 
said unit final control means, manipulating the 
compressor performance to help the station con- 
trol means to restore the station main process 
gas parameter to its required level and to equalize 
said normalized relative distance to the compres- 15 
sor surge control line with the highest normalized 
relative distance received from said system con- 
trol means; 

said station control means for controlling 
the station main process gas parameter continu- 20 
ously measures the main process gas parameter, 
for example pressure or mass flow; continuously 
computes the difference from a predetermined 
set-point limit for this gas parameter, continuous- 
ly computes a station control means corrective 25 
change; and continuously transmits this station 
control means corrective change to all unit con- 
trol means and antisurge control means which 
comprise the station control system, for use by 
said unit control means and antisurge control 30 
means to help the station control means to re- 
store the station main process gas parameter to 
its required set-point level; and 

said station control means continuously 
receives said normalized relative distances from 35 
unit control means for all compressors in the sys- 
tem; selects the highest normalized relative dis- 
tance to respective surge control lines for all com- 
pressors which comprise the station, thereby se- 
lecting the leader and continuously transmits the 40 
highest- normalized relative distance to all unit 
control means which are included in the station 
control system, to be used as a set-point for the 
unit control means in equalizing their respective 
normalized relative distance to their surge control 45 
lines with the highest normalized relative dis- 
tance of the leader, in order to optionally share 
the flow load. 

8. An apparatus for controlling a compressor station so 
pumping gas from the process located upstream 
from said station to the process located down- 
stream from said station; said compressor station 
consisting of a plurality of dynamic compressors 
working in series, ach of which being operated 55 
by a unit final control means changing the com- 
pressor performance and an antisurge final con- 
trol means capable of protecting the compressor 
from surge; said compressor station being also 



equipped with a station control system adjusting 
the station performance in order to maintain a 
main process gas parameter; said station control 
system consisting of a station control means con- 
trolling said main process gas parameter; anti- 
surge control means, one for each compressor, 
computing a relative distance between a compre- 
sor operating point and a respective surge limit 
and preventing said relative distance from de- 
creasing below some predetermined minimum 
level by controlling the antisurge final control 
means; unit control means, one for each com- 
pressor, operating said unit final control element 
to maintain a criterion R, representing both said 
relative distance and the equivalent mass flow 
rate through the compressor, equal to that of the 
compressor with the smallest criterion R value, 
said apparatus comprising: 

said antisurge control means for each 
compressor continuously measuring suction tem- 
perature, discharge temperature, suction pres- 
sure, discharge pressure, rotating speed, differ- 
ential pressure across a flow element in suction 
and differential pressure across a flow element in 
discharge downstream of the tap off for the flow 
passing through antisurge final control means; 
continuously calculating the normalized dis- 
charge mass flow rate by multiplying said dif- 
ferential pressure across a flow element in dis- 
charge by said discharge pressure, dividing by 
said discharge temperature, taking the square 
root of the result and multiplying by a scaling con- 
stant continuously transmitting said normalized 
discharge mass flow rate to said station control 
means, and continuously transmitting said dis- 
charge mass flow rate to said unit control means 
associated with said compressor, continuously 
calculating the normalized compressor mass 
flow rate Wc by multiplying said differential pres- 
sure across a flow element in suction by said suc- 
tion pressure, dividing by said suction tempera- 
ture, taking the square root of the result, and mul- 
tiplying by a scaling constant; and a compressor 
operating point and a respective surge limit, and 
preventing said distance from decreasing below 
some predetermined minimum level by opening 
an antisurge final control means, said method 
comprising: 

developing a corrective change of the out- 
put of said station control means to prevent a de- 
viation of said main process gas parameter from 
its required level; 

computing for each individual compressor 
a normalized relative distance to a surge control 
line, said normalized distance being equal to zero 
at the moment when said relative distance of 
compressor operating point from the respective 
surge limit become equal to said predetermined 
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minimum level; 

computing for each compressor a mass 
flow rate Wc of gas flowing through the compres- 
sor and a mass flow rate being equal to 5 
less the mass flow rate of gas flowing through 
the antisurge final control means; 

selecting among said compressors work- 
ing in series the lowest mass flow rate W^, 
among the Wdi for all compressors working in ser- io 
ies, said mass flow rate representing the mass 
flow rate passing through ail the compressors 
from said process located upstream from said 
compressor station to said process located down- 
stream from said compressor station; is 

computing for each compressor a devia- 
tion A of the mass flow rate computed for the 
specific compressor from said selected minimum 
mass flow rate which passes through all com- 
pressors; 20 

computing for each compressor a critenon 
R, said criterion R being equal to a product of one 
minus said normalized relative distance to the 
surge control line and a difference of said mass 
flow rate through the compressor minus said 25 
deviation A, said difference presenting an equiv- 
alent mass flow rate through said compressor; 

selecting among said criterion R for all 
continuously transmitting said normalized conn- 
pressor mass flow rate to said unit control means 30 
associated with said compressor; continuously 
calculating a relative distance between the com- 
pressor operating point and respective surge con- 
trol line, continuously transmitting said relative 
distance to said unit control means associated 35 
with said compressor; continuously developing 
an antisurge corrective change based on said rel- 
ative distance to the surge control line; continu- 
ously adding the value of said antisurge correc- 
tive change to another corrective change which 40 
is computed by multiplying a corrective change 
continuously received from a station control 
means, by said second nonlinear function of said 
relative distance to the surge control line; said 
second nonlinear function being continuously 45 
computed by said antisurge means; and continu- 
ously using a value which is optionally the great- 
est or the sum of the associated corrective 
changes as set-point of the position of said anti- 
surge final control means to prevent said relative so 
distance between the operating point and the 
surge limit from decreasing below a predeter- 
mined margin of safety; 

said unit control means, for each com- 
pressor, continuously receiving said relative dis- 55 
tance from surge control line from said antisurge 
control means for same associated compressor; 
continuously computing a normalized relative 
distance by multiplying said relative distance by 



a scaling constant; continuously receiving a mini- 
mum normalized discharged mass flow rate 
computed by said station control means and con- 
tinuously transmitted to all said unit control 
means in the station control system; continuously 
computing the mass flow rate deviation A by sub- 
tracting said minimum normalized discharge 
mass flow rate from said normalized dis- 
charge mass flow rate for said compressor, 
continuously received from associated antisurge 
control means; continuously computing the 
equivalent mass flow rate We by subtracting said 
mass flow rate deviation A from said normalized 
compressor mass flow rate continuously re- 
ceived from associated antisurge control means; 
continuously computing criterion R for said com- 
pressor by multiplying one minus said normalized 
relative distance to the surge control line by said 
equivalent mass flow rate We; continuously trans- 
mitting said criterion R to said station control 
means; continuously receiving from said station 
control means a lowest criterion R value R,n and 
computing a unit control means corrective action; 
adding said unit control means corrective action 
to another corrective change value which is com- 
puted by multiplying said corrective change con- 
tinuously received from said station control 
means, by said first nonlinear function of said rel- 
ative distance to the surge control line received 
from said antisurge control means, said first non- 
linear function being continuously computed by 
said unit control means; and continuously using 
the summed value of the associated corrective 
changes as a set-point of the position of said unit 
final control means, manipulating the compres- 
sor performance to help the station control 
means to restore the station main process gas 
parameter to its required level and to equalize 
said criterion R with the lowest criterion R value 
Rm received from said station control means; 

said station control means for controlling 
the station main process gas parameter continu- 
ously measures the main process gas parameter, 
for example pressure or mass flow; continuously 
computes the difference from a predetermined 
set-point limit for this gas parameter, continuous- 
ly computes a station control means corrective 
change; and continuously transmits this station 
control means corrective change to all unit cont 
rol means and antisurge control means which 
comprise the station control system, for use by 
said unit control means and antisurge control 
means to help the station control means to re- 
store the station main process gas parameter to 
its required set-point level; 

said station control means continuously 
receives said criterion R values for all compres- 
sors in the station; selects the lowest criterion R^ 
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value among all criterion R values received from 
all unit control means in the station control sys- 
tem, thereby selecting the leader; continuously 
transmits said lowest criterion R value, R^, to said 5 
unit control means for all compressors which 
comprise the station, to be used as a set-point for 
the unit control means in equalizing their respec- 
tive criterion R values with the lowest criterion R 
value of the leader, in order to optionally share io 
the compression load. 
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